Recent reports have documented that extracellular sialyltransferases can remodel both cell-surface and secreted glycans by a process other than the canonical cell-autonomous glycosylation that occurs within the intracellular secretory apparatus. Despite association of the abundance of these extracellular sialyltransferases, particularly ST6Gal-1, with disease states such as cancer and a variety of inflammatory conditions, the prevalence of this extrinsic glycosylation pathway in vivo remains unknown. Here we observed no significant extrinsic sialylation in resting mice, suggesting that extrinsic sialylation is not a constitutive process. However, extrinsic sialylation in the periphery could be triggered by inflammatory challenges, such as exposure to ionizing radiation or to bacterial lipopolysaccharides. Sialic acids from circulating platelets were used in vivo to remodel target cell surfaces. Platelet activation was minimally sufficient to elicit extrinsic sialylation, as demonstrated with the FeCl 3 model of mesenteric artery thrombosis. Although extracellular ST6Gal-1 supports extrinsic sialylation, other sialyltransferases are present in systemic circulation. We also observed in vivo extrinsic sialylation in animals deficient in ST6Gal-1, demonstrating that extrinsic sialylation is not mediated exclusively by ST6Gal-1. Together, these observations form an emerging picture of glycans biosynthesized by the canonical cell-autonomous glycosylation pathway, but subjected to remodeling by extracellular glycan-modifying enzymes.
The presence of extracellular glycosyltransferases in the blood has been known for decades and systematically evaluated more recently (1) . Although the theoretical ability of these enzymes to catalyze extracellular glycosylation was never in question, whether or not "extrinsic glycosylation" is a significant mode of glycan modification in vivo remained unknown. The conundrum stemmed, at least in part, from the perception that there is no sustainable extracellular source of sugar donor substrates for the extensive pool of blood-borne glycosyltrans-ferases to function. Hence, the prevalence of extrinsic glycosylation in vivo remained an open question.
Two key recent findings rejuvenated the notion that extrinsic glycosylation can take place and that it is a physiologically important process. First, the data show that the circulatory pool of the sialyltransferase, ST6Gal-1, long regarded as a component of the hepatic acute phase response (2) , is a systemic factor regulating new inflammatory cell production by imposing a checkpoint in blood cell development (3, 4) . ␣2,6-Sialylation of marrow hematopoietic progenitor cells is dependent on the presence of extracellular ST6Gal-1, and does not require endogenous expression of the enzyme by the progenitor cells (5) . Animals deficient in the circulatory pool of ST6Gal-1 had exaggerated responses to T helper cell inflammatory stimuli attributed to overly robust production of granulocytes and eosinophils (4) . There is also accumulating evidence implicating extrinsic ST6Gal-1 in generating the sialyl-epitope on the Fc region of the IgG critical in immunosuppressive IgG activity (6, 7) . The second key set of findings, pioneered by Wandall et al. (8) , implicated circulating platelets as carriers of activated sugar donor substrates. Lee et al. (9) demonstrated that the cargo of sialic acid substrate, which is releasable upon platelet activation, is sufficient to drive extrinsic ST6Gal-1 sialylation in vitro.
Because ST6Gal-1 and other sialyltransferases are freely available in systemic circulation (1), we had expected extrinsic sialylation to be a significant contributor in the biosynthesis of cell-surface sialyl-glycans. Here we provide evidence that extrinsic sialylation does take place to a significant degree in vivo, but the data also show that extrinsic sialylation is not a constitutive process. The data point to a process tightly regulated by platelet function. Platelet activation, occurring during inflammation (9 -11) , triggers extrinsic sialylation putatively by making donor sialic acids available. Thrombosis is minimally sufficient to trigger extrinsic sialylation, and platelet sialic acids are utilized to decorate target cell-surface glycans in vivo. These observations highlight the potential of extrinsic sialylation to impact a diverse plethora of physiologically important events in inflammation, maintenance of blood cell numbers, and cell survival.
Results

Extrinsic sialylation is not a constitutive process
To recapitulate our earlier observation that St6gal1-null hematopoietic cells repopulating in a wild-type C57BL/6 host were modified by a non-cell-autonomous mechanism but by systemic, e.g. host-derived, ST6Gal-1 (12), St6gal1-null marrow cells (CD45.2 ϩ ), genetically unable to mediate attachment of ␣2,6-linked sialic acids onto Type-II lactosaminyl-glycans, were used to repopulate the hematopoietic compartment of wild-type (CD45.1 ϩ ) recipients. ␣2,6-Sialylation of the St6gal1null hematopoietic cells was monitored by their acquisition of cell-surface SNA reactivity. Earlier, we had also verified that SNA reactivity is an accurate indication of the degree of ␣2,6sialylation by ST6Gal-1, as supported by identical results obtained using another ␣2,6-sialic acid-specific lectin from Polyporus squamosus (PSL) and definitively confirmed by MALDI-TOF MS n fragmentation analysis (12) . At day 7 after transplantation, which was immediately upon re-establishment of circulating blood counts, the circulating St6gal1-null hematopoietic cells were intensely SNA-reactive ( Fig. 1A) , reproducing those earlier observations. We now observed that over the next several weeks, surface SNA reactivity on the circulating St6gal1-null cells diminished. By day 15 and day 50, the St6gal1-null cells reverted to an SNA-negative state consistent with their genotype (Fig. 1A ). We hypothesized that the transient presence of cell-surface ␣2,6sialyl-glycans was due to the inflammation resulting from fullbody ionizing radiation. Radiation was used to prepare the animals for adoptive transfer, and extrinsic sialylation ceased upon resolution of the inflammatory response. To test this idea, the chimeric animals at day 50 were again irradiated, and we observed the reacquisition of cell-surface SNA reactivity on the St6gal1-null cells (Fig. 1A) . Shown in Fig. 1B are the geometric means of the SNA signal, comparing the St6gal1-null cells in the chimeric animals at day 50 with and without irradiation. This shows irradiation-dependent acquisition of cell-surface SNA reactivity of St6gal1-null cells in the marrow and in peripheral circulation. Without irradiation, the geometric means of SNA of marrow and circulating St6gal1-null cells were similar to the values observed in the native St6gal1-null mouse. The data indicate that extrinsic ST6Gal-1 remodeling is not a constitutive process. There was extensive remodeling of the adopted hematopoietic cells immediately following transplantation. Extrinsic remodeling diminished as the animals recovered from the procedure, and the cells reverted to a negative ␣2,6-sialylation status consistent with their ST6Gal-1null genotype. Extrinsic ST6Gal-1 remodeling was again triggered by exposure to radiation, resulting in ␣2,6-sialylation of the ST6Gal-1-null cells. We hypothesize that the severe systemic inflammation caused by irradiation was the trigger for the extrinsic remodeling.
We observed that extensive ␣2,6-sialylation in the newly reconstituted hematopoietic compartment at day 7 could be reproduced only partially upon irradiation of the re-established marrow at day 50. A possible explanation is that the day 7 point was a healthy, actively repopulating hematopoietic compartment from cells that had never been exposed to radiation. On the other hand, all the cells at the day 50 point were irradiated, and these day 50 cells, if not already apoptotic, would enter cell death within the next few days. Therefore, the health status of the populations as well as the composition of the hematopoietic subsets may contribute to differences in frequencies of the observed extrinsic sialylation. Health differences may contribute to altered levels of exposed Type-II lactosaminyl termini on the cell surfaces available to be extrinsically sialylated, or availability of sialic acid donor substrates. Although this treatise needs to be explored in detail, likely necessitating the use of mass spectrometric analysis, it is beyond the scope of the present report.
Involvement of platelets in extrinsic sialylation
To further test the idea that inflammation drives extrinsic sialylation, intratracheal delivery of LPS was used to elicit localized, acute airway inflammation (13) . However, the intense endogenous SNA reactivity in the wild-type lung hampered the ability to detect extrinsic sialylation by SNA. Therefore, we leveraged the ability of platelets to release sialic acid donor substrate to support extrinsic sialylation (9) by tracking plateletderived sialic acids. To accomplish this, wild-type (C57BL/6) platelets with the Neu5Gc form of sialic acid were transfused into the CMAH-null mouse, which does not natively express Neu5Gc due to inactivation of the cytidine monophosphate-N- Figure 1 . Irradiation triggers extrinsic sialylation in vivo. St6gal1-null marrow cells (CD45.2 ϩ ) were transplanted into irradiated C57BL/6 (CD45.1 ϩ ) recipients as described previously (12) . Donor-derived CD45.2 ϩ cells in the blood were assessed for SNA reactivity to determine cell-surface ␣2,6-sialylation. A, D0 represents St6gal1-null blood cells harvested from the native St6gal1-null mouse as baseline negative ␣2,6-sialylation profile. D7, D15, and D50 represent CD45.2 ϩ cells recovered from recipients at 7, 15, and 50 days after transplantation, respectively. D50ϩIR represents samples from animals that received 12 grays of irradiation 24 h prior to blood collection at D50. B, comparison of geometric mean of SNA signal in CD45.2 ϩ cells collected at D50 and D50ϩIR. Shown are total marrow nucleated cells (Total Marrow), marrow GR-1 ϩ cells (Marrow Gr-1 ϩ ), or total circulating cells (Total Blood). Dashed lines signify the geometric mean of equivalent cell fractions from the native St6gal1-null animal (D0) as baseline negative ␣2,6-sialylation. n of 3 animals were used for each data point. Statistical significance for the difference is indicated by * (p Ͻ ϭ 0.05) or ** (p Ͻ ϭ 0.005).
ACCELERATED COMMUNICATION: Regulation of extrinsic sialylation acetylneuraminic acid hydroxylase (CMAH) 2 critical for the formation of Neu5Gc from Neu5Ac (14, 15) . Thus, plateletreleased Neu5Gc can be tracked in otherwise exclusively Neu5Ac-negative CMAH-null recipients. This is diagrammed in Fig. 2A1 using an antibody specific for Neu5Gc. The presence of Neu5Gc platelets, by itself, did not generate significant levels of Neu5Gc in the host cells observable in the peripheral blood, in the lung, or in the mesenteric artery ( Fig. 2, A2, B2 , and C2, respectively). However, within 3 h of LPS instillation to elicit an acute bout of airway inflammation, Neu5Gc-positive (green channel) cells are clearly visible in peripheral circulation and in the lung (Fig. 2, A3 and B3, respectively), and these cells are clearly distinguished from the CD41-positive (red channel) Figure 2 . Inflammation and platelet activation triggers extrinsic sialylation. A, wild-type platelets from C57/BL6 animals, which contain the Neu5Gc form of sialic acid, were transfused into CMAH-null animals natively lacking Neu5Gc and expressing only Neu5Ac (A1), circulating white cells were probed for Neu5Gc either not subjected to or 3 h after being subjected to intratracheal inoculation of LPS to elicit a localized bout of acute airway inflammation (A2 and A3, respectively), as described under "Experimental Procedures." B, Neu5Gc staining of frozen lung sections. B1, uniform staining of a C57BL/6 lung. B2 and B3, respectively, Neu5Gc staining of CMAH-null recipients transfused with C57BL/6 platelets either not subjected to or 3 h after being subjected to intratracheal inoculation of LPS. C, mesentery arteries stained for Neu5Gc. C1, C57BL/6 at baseline. C2 and C3, respectively, CMAH-null recipients transfused with C57BL/6 platelets either without or with a 10-min application of FeCl3 to induce localized thrombosis as described under "Experimental Procedures." I and L denote intima and lumen of the artery, respectively. D, comparison of CMAH-null and CMAH-null/St6gal1-null recipients receiving Neu5Gc ϩ wild-type platelets and 3 h after being subjected to intratracheal inoculations of LPS (D1 and D2, respectively), demonstrating the ability to extrinsically transfer platelet Neu5Gc despite the absence of systemic ST6Gal-1, which still occurs using platelets from ST6Gal-1-deficient animals (D3). D4 shows the absence of SNA reactivity in the CMAH-null/ St6gal1-null recipients despite receiving SNA ϩ wild-type platelets. For all panels, CD41-phycoerythrin (CD41-PE) (platelet marker) is visualized in red.
platelets. Neu5Gc reactivity presented as punctate patterns visualized on circulating cells that have not been permeabilized prior to exposure to the antibody, consistent with the interpretation of the cell-surface localization of the transferred Neu5Gc. Within the lung, the intense Neu5Gc staining present in the wild-type animal (Fig. 2B1 ) was notably absent in the CMAH-null lung at baseline (Fig. 2B2) , despite being transfused with wild-type platelets. The segmented lobular nuclei of many of the NeuGc-positive cells are consistent with infiltrating granulocytes. Statistics from flow cytometry are included in supplemental Fig. 1 . When compared with B cell (B220 ϩ ) and T cell (CD3 ϩ ), neutrophils (CD11b ϩ and Ly6G ϩ ) were more extensively modified by platelet Neu5Gc. The short time course, within 3 h of LPS insult, minimized the possibility of cell-autonomous phagocytosis and recycling of platelet glycans onto recipient cell surfaces.
The data so far implicate the necessity of inflammation in extrinsic sialylation and demonstrate that activated platelets are a significant physiologic source of sialic acids. We now ask whether platelet activation alone, in the absence of inflammation, can be minimally sufficient to drive extrinsic sialylation. The well-established FeCl 3 model to induce arterial thrombosis without inflammation was used (16, 17) . Blood clots formed within 10 min of FeCl 3 application to an exposed mesenteric artery. The wild-type C57BL/6 artery is shown as reference, where the ubiquitous Neu5Gc signal outlines the mesenteric arterial wall (Fig. 2C1 ). In the CMAH-null recipients transfused with Neu5Gc ϩ platelets, there was no anti-Neu5Gc signal observable in the mesenteric artery at baseline (Fig. 2C2 ). However, 10 min following FeCl 3 application, Neu5Gc was distinctly present on the arterial lumen wall adjacent to the newly formed platelet clot (Fig. 2C3) , supporting the idea that platelet activation can be minimally sufficient to initiate extrinsic sialylation. The extremely short time course, within 15 min, also minimized cell-autonomous phagocytosis and recycling of platelet glycans onto recipient cell surfaces as a potential mechanism.
The ability of extracellular ST6Gal-1 to mediate extrinsic sialylation is well-documented. However, the transfer of platelet Neu5Gc can result by other sialyltransferase activities known to be present in systemic circulation (1) . To demonstrate that enzymes other than ST6Gal-1 can mediate extrinsic sialylation, the CMAH-null/St6gal1-null animal, natively deficient in Neu5Gc and functional ST6Gal-1, received a transfusion of wild-type Neu5Gc-positive platelets. Three hours after LPS elicited airway inflammation, the Neu5Gc-positive cells, clearly segregated from the CD41-positive platelets, were visible in frozen lung histological sections (Fig. 2D2) . The ability to transfer platelet Neu5Gc in the complete absence of functional ST6Gal-1 confirms that extrinsic sialylation is not catalyzed exclusively by ST6Gal-1. The corresponding Neu5Gc signal in lung of a CMAH-null but ST6Gal-1-intact animal is shown for comparison (Fig. 2D1) , and the roughly equal Neu5Gc signal intensity observed between the ST6Gal-1-intact and ST6Gal-1-null recipients strongly suggests that systemic ST6Gal-1 may not even be the dominant enzyme driving extrinsic sialylation. Neu5Gc staining frequencies between the CMAH-null and the CMAH-null/St6gal1-null recipients receiving wild-type plate-let transfusions were also similar on the neutrophils in peripheral blood (supplemental Fig. 2 ). To further confirm that platelet-mediated extrinsic sialylation can occur even in the complete absence of functional ST6Gal-1, platelets from mice that lack ␣2,6-sialylation are still able to donate Neu5Gc, as demonstrated in transfusion of St6gal1-null but Neu5Gc ϩ platelets into CMAH-null/St6gal1-null recipients (Fig. 2D3 ). To further demonstrate the mechanism of de novo synthesis of sialyl-glycans rather than redistribution of platelet sialyl-glycans, WT platelets that are both SNA ϩ and NeuGc ϩ were transfused into CMAH-null/St6gal1-null recipients. Thus, if there were a simple redistribution of platelet sialyl-glycans, we would observe acquisition of SNA reactivity in the absence of functional ST6Gal-1. Instead, we observed the complete absence of SNA signal upon airway inflammation (Fig. 2D4) , strongly indicating that passive redistribution of platelet sialylglycans is not a significant event. In summary, these observations show that not only are platelets an important in vivo source of sialic acids for extrinsic sialylation, but importantly, extrinsic sialylation is also mediated by other sialyltransferases in addition to ST6Gal-1.
Discussion
In 1970, Dr. Roseman postulated the existence of extracellular and cell-surface glycosyltransferases, or ecto-glycosyltransferases (18) , and he further speculated a role of these externally localized enzymes in intercellular interactions by the formation of transferase-acceptor binding pairs that could be dissolved by supplying the sugar donor substrate to drive the glycosyltransferase catalysis to completion (19) . Since then, there have been sporadic reports of ecto-glycosyltransferases on the surfaces of a diverse number of cells including fibroblasts (20, 21) , neuronal cells (22) , lymphocytes (23), as well as hematopoietic progenitors (24) . However, only a cell-surface ␤1,4-galactosyltransferase participating in mammalian fertilization and in neuronal development became well-established (25) (26) (27) . The cell-surface residence of other glycosyltransferases, including ST6Gal-1, remained controversial, due mainly to inherent difficulties in distinguishing those enzymes residing on the surfaces of intact cells from the contributions of contaminating membrane debris. Regardless of whether or not extracellular glycosyltransferases actually reside on cell surfaces, it is wellestablished that enzymatically active ST6Gal-1 and other glycosyltransferases are present in the extracellular spaces and that they circulate freely in the blood (1, 28) . Moreover, hematopoietic progenitor cells are extensively, if not exclusively, modified by the systemic ST6Gal-1 (12) , and result in attenuated granulopoiesis by blunting the ability of the common myeloid progenitor to respond to G-CSF signaling (3).
The observations presented here confirm that, despite the availability of extracellular ST6Gal-1 and other sialyltransferases, extrinsic sialylation does not appear to be a constitutive process. Our observations show that stressful insults, such as irradiation or acute peripheral inflammation, are necessary to trigger extrinsic sialylation, at least in the periphery. Platelet activation appears to be a minimally sufficient condition for extrinsic sialylation, as demonstrated by the FeCl 3 model, which can induce artery thrombosis without inflammation.
The observations described here confirm the role of platelets as an in vivo source of the donor substrate, made available upon platelet activation (9) , and suggest that access to the sialic acid donor substrate is the limiting factor for extrinsic sialylation in vivo. Although there is ample evidence for extrinsic sialylation also occurring within the bone marrow hematopoietic microenvironment (3, 12) , the present approach of tracking sialic acids from transfused platelets is uninformative as to how extrinsic sialylation in the bone marrow might be regulated. The marrow is the site of endogenous thrombopoiesis; any transfused platelets that manage to enter the marrow are likely diluting into a vast excess of newly synthesized platelets and platelet progenitors.
There has been much focus on extrinsic sialylation mediated by blood-borne ST6Gal-1, but other sialyltransferases, most notably the ␣2,3-sialyltransferases, are also abundantly present in systemic circulation (9) . The transfer of platelet Neu5Gc onto host cells natively lacking Neu5Gc was followed to visualize overall extrinsic sialylation regardless of specific sialyltransferases. A punctate Neu5Gc signal was observed on the surface of targeted cells, predominantly infiltrating granulocytes, within 3 h of an inflammatory challenge (Fig. 2D1) . A similar pattern of Neu5Gc staining was observed in ST6Gal-1deficient animals, identifying other extracellular sialyltransferases in addition to ST6Gal-1 as participants in extrinsic sialylation in vivo (Fig. 2, D2 and D3) . Furthermore, the intensity of the observed platelet-Neu5Gc transfer in the complete absence of functional ST6Gal-1 infers strongly that ST6Gal-1 may not even be the dominant enzyme mediating extrinsic sialylation.
The caveat that platelet sialyl-glycans are passively absorbed onto recipient cell surfaces can be discounted based on the following observations. First, the short time course of 3 h after inflammatory stimulus to the airway or within 15 min of FeCl 3induced mesenteric thrombosis minimized the extent of phagocytosis or pinocytosis of platelet-derived sialyl-glycans and subsequently the cell-autonomous recycling of platelet sialic acids onto host cell surfaces. Moreover, sialylation of recipient cells was observable within 15 min of FeCl 3 -induced mesenteric thrombosis (Fig. 2C3 ). Second, although wild-type platelets (e.g. platelets containing ␣2,6-sialyl-glycans) were transfused into an ST6Gal-1-null host, SNA signal was not observed upon induction of inflammation, demonstrating an absolute requirement for functional ST6Gal-1 (Fig. 2D4) . Moreover, even wildtype platelets are not abundantly endowed with SNA-reactive sialyl-glycans, which is quite evident in Fig. 2D4 , and passive transfer of these glycans onto target cells is unlikely to account for the intensity of the observed SNA signals. Finally, third, we had previously observed that St6gal1-null platelets, which do not have ␣2,6-sialyl-glycans, are able to transfer sialic acids to target cells in ex vivo assays (9) .
In addition to sialyltransferases, members of the galactosyl and fucosyl families of glycosyltransferases are also present in systemic circulation (1) . Although it remains to be demonstrated directly that extrinsic galactosylation and fucosylation occur in vivo, platelets also contain releasable caches of other sugar precursor substrates such as UDP-GalNAc and UDP-Gal (8) . The emerging picture is that platelets may serve as crucial regulators in the extrinsic remodeling of cell-surface glycans by extracellular glycosyltransferases, with the potential to impact a wide variety of pathologic processes. The propensity of platelets to adhere to granulocytes and other leukocytes, to the vascular endothelium, and to cancer cells may additionally facilitate extrinsic glycan remodeling by bringing the source for sugar donor substrates into the closest proximity of the targeted cell surfaces (29, 30) .
Cancer is often associated with changes in platelet count. Thrombocytosis occurs in 10 -50% of patients with solid malignancies and is associated with shortened survival times (31, 32) . Alternatively, platelet insufficiency is a common side effect of cancer treatment, and extreme thrombocytopenia is often the reason for premature cessation from the full course of treatment. Although platelets are typically known to be critical for blood clotting, the current observations highlight a distinct possibility that changes in platelet homeostasis and activation can alter the overall tumor microenvironment by extrinsic glycan remodeling. Removal of sialic acid from immune cell surfaces such as dendritic cells enhances their anti-tumor activity (33) . By inference, platelet-mediated extrinsic sialylation may dampen immune cell function, leading to poor clinical outcomes. Extrinsic remodeling of the tumor cell-surface glycans may also contribute to altered metastatic cell behaviors such as invasion, enhanced cell survival, and evasion from immune surveillance (34 -37) .
Experimental procedures
Animals
The Institute Animal Care and Use Committee of Roswell Park Cancer Institute approved all animal studies. The St6gal1null mouse with globally inactivated ST6Gal-1 gene, unable to make ␣2,6-linked sialic acid, was described previously (5) . The CMAH-null mouse, with a defect in the cytidine monophosphate-N-acetylneuraminic acid hydroxylase rendering it unable to express Neu5Gc, was obtained from The Jackson Laboratory. Adoptive bone marrow transfers were performed as described previously (12) . To assess transfer of platelet-derived Neu5Gc, 1 ϫ 10 9 C57/BL6 platelets were transfused into each CMAH-null mouse. Platelets were isolated as described previously (9) . Platelets were transfused by intravenous injection into the tail vein. Pre-depletion of recipient platelets was not performed to avoid inducing an unintended inflammatory or stress response in the animals. Transfused platelets remained in circulation for at least 2 days, declining to 70% of the starting level after 2 days without inflammation. Animals were used immediately after transfusion. To induce acute airway inflammation, mice were anesthetized with isoflurane, and 100 ng of LPS (Sigma) in 25 l of saline was delivered by intratracheal instillation. Lung and blood were collected 3 h after LPS instillation, unless stated otherwise. To induce platelet activation without inflammation, mice were anesthetized with isoflurane, the intestines were exposed, and 6% FeCl 3 was applied to the mesentery artery via filter paper (30) . Mice between ages of 50 and 70 days were used; differences between sexes were not noted.
Analytical procedures
All antibodies were purchased from BioLegend (San Diego, CA). Direct FITC-conjugated lectins (SNA, 8 g/ml, Vector Laboratories) were also used. Bone marrow cells were collected from femurs of mice, resuspended in RBC lysis buffer (0.8% NH 4 Cl, 0.1 mM EDTA buffered with KHCO 3 to pH 7.4), washed, and resuspended in PBS with 0.5% BSA or fetal bovine serum and 2 mM EDTA, and then passed through a 100-m cell strainer (BD Biosciences). Samples were analyzed on a Fortessa B flow cytometer and processed using FlowJo software. For immunocytochemistry, nuclei were routinely labeled using DAPI (BioLegend 0.5 g/ml), and platelets were routinely labeled using CD41 (BioLegend). Lung and artery tissue were collected from the different models, and frozen sections were prepared and probed for anti-Neu5Gc (clone Poly21469, Bio-Legend). Slides were mounted using FluorSave Reagent (Calbiochem), and then imaged on a Nikon Eclipse TE-2000E fluorescent microscope with a 60ϫ objective and a CoolSNAP HQ camera (Photometrics, Tucson, AZ). Image acquisition was controlled by MetaMorph software. Statistical evaluations for differences between mean values were determined by Student's t test with post-test comparisons on GraphPad Prism 6 software (La Jolla, CA). A p Ͻ 0.05 was considered significant. 
